Inverse Design of Transonic Airfoils Using Variable-Resolution Modeling and Pressure Distribution Alignment  by Leifsson, Leifur et al.
Available online at www.sciencedirect.com
1877–0509 © 2011 Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of Prof. Mitsuhisa Sato and Prof. Satoshi Matsuoka 
doi:10.1016/j.procs.2011.04.133









7KHSDSHUSUHVHQWVDFRPSXWDWLRQDOO\HIILFLHQWDQGUREXVWPHWKRGRORJ\ IRU WKH LQYHUVHGHVLJQRI WUDQVRQLFDLUIRLOV7KHDSSURDFK
UHSODFHV WKH GLUHFW RSWLPL]DWLRQ RI DQ DFFXUDWH EXW FRPSXWDWLRQDOO\ H[SHQVLYH KLJKILGHOLW\ DLUIRLO PRGHO E\ DQ LWHUDWLYH UH
RSWLPL]DWLRQRIDFRUUHFWHGORZILGHOLW\PRGHO7KHORZILGHOLW\PRGHOLVEDVHGRQWKHVDPHJRYHUQLQJIOXLGIORZHTXDWLRQVDV WKH








WXUELQH EODGHV > @ 7KH VWDWHRIWKHDUW $62 GHVLJQ PHWKRGV HPSOR\ KLJKILGHOLW\ FRPSXWDWLRQDO IOXLG G\QDPLF
&)' VLPXODWLRQV DV DSDUW RI HIILFLHQW QXPHULFDO RSWLPL]DWLRQ DOJRULWKPV >@7KHEHQHILW RI XVLQJ KLJKILGHOLW\
&)' VLPXODWLRQV LV DPRUH DFFXUDWH UHSUHVHQWDWLRQ RI WKH IORZSK\VLFVZKLFK XVXDOO\ OHDGV WRPRUH UHDOLVWLF DQG
DWWDLQDEOHGHVLJQV+RZHYHU WKLV SUHVHQWV QXPHURXV FKDOOHQJHV+LJKILGHOLW\&)' VLPXODWLRQV DUH FRPSXWDWLRQDOO\
H[SHQVLYHDQGGHVLJQRSWLPL]DWLRQQRUPDOO\UHTXLUHVDODUJHQXPEHURIVLPXODWLRQVOHDGLQJWRDYHU\WLPHFRQVXPLQJ
GHVLJQ SURFHVV )XUWKHUPRUH RIWHQ D ODUJH QXPEHU RI GHVLJQ YDULDEOHV DUH UHTXLUHG LQ RUGHU WR GHILQH LQ VXIILFLHQW
GHWDLOWKHJHRPHWU\RIWKHFRPSRQHQWEHLQJVWXGLHGDGGLQJWRWKHGLPHQVLRQDOLW\RIWKHGHVLJQSUREOHP
,QJHQHUDO$62GHVLJQPHWKRGVFDQEHFODVVLILHGDVEHLQJHLWKHUGLUHFWRULQYHUVH>@7KHGLUHFW$62PHWKRGV
LQYROYH FKDQJLQJ WKH JHRPHWULF VKDSH WR PD[LPL]H D JLYHQ SHUIRUPDQFH FULWHULRQ VXEMHFW WR RQH RU VHYHUDO
FRQVWUDLQWV DW D JLYHQRSHUDWLQJ FRQGLWLRQ7KHPRVW FRPPRQREMHFWLYH IXQFWLRQV LQFOXGH OLIWPD[LPL]DWLRQ GUDJ
PLQLPL]DWLRQDQGOLIWWRGUDJUDWLRPD[LPL]DWLRQ2IWHQRQO\ DQLQLWLDOVKDSHLVSUHVFULEHGDORQJZLWKWKHGHVLUHG
FRQVWUDLQWYDOXHVDQGQRWKLQJ LVDVVXPHGUHJDUGLQJ WKHSURSHUWLHVRI WKHIOXLG IORZ6RPHRI WKHPRVWVXFFHVVIXO
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7\SLFDOO\HLWKHUD WDUJHWSUHVVXUHRUDYHORFLW\GLVWULEXWLRQ LVVSHFLILHGZLWK WKH IRUPHUEHLQJPRUHSRSXODU7KH
DHURG\QDPLF VKDSH LV WKHQPRGLILHGRUGHVLJQHG WRDFKLHYH WKHVHFKDUDFWHULVWLFV ,QYHUVHGHVLJQ LV XVXDOO\PRUH
FRPSXWDWLRQDOO\ HIILFLHQW WKDQ GLUHFW RSWLPL]DWLRQ EHFDXVH WKH FKDQJHV LQ WKH JHRPHWU\ FDQ EH UHODWHG WR WKH
UHTXLUHGFKDQJHLQSHUIRUPDQFHDQGWKXVUHTXLULQJIHZIORZVROXWLRQVWRREWDLQWKHILQDOSURILOH>@+RZHYHUWKH
WDVN RI FUHDWLQJ SUHVVXUH GLVWULEXWLRQV WKDW PHHW WKH UHTXLUHG DHURG\QDPLF FKDUDFWHULVWLFV LV QRW WULYLDO DQG WKH
GHVLJQHU KDV WR UHO\ RQ H[SHULHQFH DQGRU DYDLODEOH GDWD RU HPSOR\ VSHFLDO RSWLPL]DWLRQ PHWKRGV > @
)XUWKHUPRUH LQYHUVHGHVLJQPHWKRGVRQO\SURYLGH WKHVKDSH WKDWPHHWV WKHVSHFLILFFKDUDFWHULVWLFVZKLFKPD\RU
PD\QRWEHRSWLPDO0RUHRYHURQHFDQQRWJXDUDQWHHWKDWDQDUELWUDULO\SUHVFULEHGSUHVVXUHGLVWULEXWLRQZLOO\LHOGD
UHDOLVWLFDLUIRLOSURILOH>@
$FRPSXWDWLRQDOO\HIILFLHQWGHVLJQRSWLPL]DWLRQPHWKRGRORJ\ IRU WKHGLUHFW$62RI WUDQVRQLFDLUIRLOVKDVEHHQ
UHFHQWO\ LQWURGXFHG>@7KHPHWKRGH[SORLWVDSK\VLFVEDVHGORZILGHOLW\PRGHOWKHWUDQVRQLFVPDOOGLVWXUEDQFH
HTXDWLRQ76'(WRFRQVWUXFWDVXUURJDWHRIDKLJKILGHOLW\PRGHOEDVHGRQWKHFRPSUHVVLEOH(XOHUHTXDWLRQV>@
7KH ORZILGHOLW\ PRGHO LV FRUUHFWHG E\ DOLJQLQJ LWV DLUIRLO VXUIDFH SUHVVXUH GLVWULEXWLRQ ZLWK WKH FRUUHVSRQGLQJ
GLVWULEXWLRQRI WKHKLJKILGHOLW\PRGHO7KHDOLJQPHQW LVFDUULHGRXWXVLQJD VKDSHSUHVHUYLQJ UHVSRQVHSUHGLFWLRQ
6353WHFKQLTXH>@
,Q WKLV ZRUN ZH DGRSW WKH RSWLPL]DWLRQ PHWKRGRORJ\ >@ WR KDQGOH WKH LQYHUVH DLUIRLO GHVLJQ SUREOHP ,Q
DGGLWLRQVWRWKLVWKHPHWKRGRORJ\LVHQKDQFHGE\HTXLSSLQJLWZLWKWKHWUXVWUHJLRQDSSURDFK>@DQGUHSODFLQJWKH
76'( ORZILGHOLW\ PRGHO E\ WKH (XOHUHTXDWLRQEDVHG RQH XVLQJ FRDUVH GLVFUHWL]DWLRQ DQG UHOD[HG FRQYHUJHQFH









7KH SULPDU\ IXQFWLRQ RI WKH DLUIRLO LV WR JHQHUDWH D OLIW IRUFH O D IRUFH FRPSRQHQW SHUSHQGLFXODU WR WKH IUHH
VWUHDPDWDUDQJHRIRSHUDWLQJFRQGLWLRQV0DFKQXPEHU0f5H\QROGVQXPEHUDQJOHRIDWWDFNĮ1RUPDOO\WKH
GUDJIRUFHGDIRUFHFRPSRQHQWSDUDOOHOWRWKHIUHHVWUHDPLVWREHPLQLPL]HG)RULQYLVFLGWUDQVRQLFIORZWKHOLIW
DQG GUDJ IRUFHV DUH GHWHUPLQHG E\ WKH SUHVVXUH GLVWULEXWLRQ DFWLQJ RQ WKH DLUIRLO VXUIDFH ZKLFK LV REWDLQHG E\










,Q LQYHUVH GHVLJQ WKH UROH RI WKH GHVLJQHU LV WR VSHFLI\ D SDUWLFXODU IORZ IHDWXUH ZKLFK W\SLFDOO\ LV D WDUJHW
SUHVVXUHGLVWULEXWLRQ&SWRQ WKH VXUIDFHRI WKHDLUIRLO7KH WDVN LV WKHQ WR ILQG WKHDLUIRLOVKDSH WKDWFDQJLYH WKH
WDUJHWSUHVVXUHGLVWULEXWLRQDWWKHGHVLUHGIORZFRQGLWLRQ7KLVFDQEHGRQHE\PLQLPL]LQJWKHGLIIHUHQFHEHWZHHQWKH
SUHVVXUHGLVWULEXWLRQRIWKHDLUIRLO&SDQGWKHWDUJHWGLVWULEXWLRQ&SW
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
ZKHUH I[ LV WKH REMHFWLYH IXQFWLRQ[ LV WKH GHVLJQ YDULDEOH YHFWRUJM[ DUH WKH LQHTXDOLW\ FRQVWUDLQWV0 LV WKH
QXPEHURIWKHLQHTXDOLW\FRQVWUDLQWVKN[DUHWKHHTXDOLW\FRQVWUDLQWV1LVWKHQXPEHURIWKHHTXDOLW\FRQVWUDLQWV
DQGODQGXDUHWKHGHVLJQYDULDEOHVORZHUDQGXSSHUERXQGVUHVSHFWLYHO\
,Q LQYHUVHDLUIRLOGHVLJQ WKHREMHFWLYH IXQFWLRQFDQEH WKH/QRUPRI WKHGLIIHUHQFHEHWZHHQ WKHDLUIRLOSUHVVXUH










GLJLW DLUIRLO SDUDPHWHUL]DWLRQ PHWKRG ZKHUH WKH DLUIRLO VKDSH LV GHILQHG E\ WKUHH SDUDPHWHUVP WKH PD[LPXP
RUGLQDWHRIWKHPHDQFDPEHUOLQHDVDIUDFWLRQRIFKRUGSWKHFKRUGZLVHSRVLWLRQRIWKHPD[LPXPRUGLQDWHDQGWF







 IORZWKDWRFFXUVRYHUDERG\ZKLFK LVPRYLQJDW0DFKQXPEHUVQHDUXQLW\$VVXPLQJDQ LQYLVFLGDGLDEDWLF
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)LJ6KRZQDUHWKUHHGLIIHUHQW1$&$IRXUGLJLWDLUIRLOVHFWLRQV1$&$P S WF LVVKRZQE\DVROLGOLQH1$&$













































































7KH FRPSXWDWLRQDO PHVKHV XVHG LQ WKLV VWXG\ DUH DOO RI VWUXFWXUHG FXUYLOLQHDU ERG\ILWWHG &WRSRORJ\ DQG DUH
JHQHUDWHGXVLQJWKHFRPSXWHUFRGH,&(0&)'>@7KHVROXWLRQGRPDLQERXQGDULHVDUHSODFHGDWFKRUGOHQJWKV
LQ IURQW RI WKH DLUIRLO  FKRUG OHQJWKV EHKLQG LW DQG  FKRUG OHQJWKV DERYH DQG EHORZ LW $ ILQH PHVK ZDV
GHYHORSHGZLWKDWRWDORISRLQWVLQWKH]GLUHFWLRQSRLQWVRQWKHDLUIRLOVXUIDFHDQGSRLQWVLQWKHZDNH
EHKLQGWKHDLUIRLOZLWKDWRWDORIWKRXVDQGFHOOV$QH[DPSOHFRPSXWDWLRQDOPHVKLVVKRZQLQ)LJ
7KH QXPHULFDO IOXLG IORZ VLPXODWLRQV DUH SHUIRUPHG XVLQJ WKH FRPSXWHU FRGH )/8(17 >@ $V\PSWRWLF
FRQYHUJHQFH WR D VWHDG\ VWDWH VROXWLRQ LV REWDLQHG IRU HDFK FDVH 7KH LWHUDWLYH FRQYHUJHQFH RI HDFK VROXWLRQ LV
H[DPLQHGE\PRQLWRULQJWKHRYHUDOOUHVLGXDOZKLFKLVWKHVXPRYHUDOOWKHFHOOVLQWKHFRPSXWDWLRQDOGRPDLQRIWKH
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D E
)LJ D$QH[DPSOHFRPSXWDWLRQDOPHVKZLWKDVWUXFWXUHG&WRSRORJ\ IRUD1$&$DLUIRLO EDYLHZRI WKHPHVKFORVH WRWKHDLUIRLO
VXUIDFH









DQG WKHQXPEHURIPHVKSRLQWVRQ WKHDLUIRLO VXUIDFHZDV UHGXFHG LQFUHPHQWDOO\$JDLQ WKHSUHVVXUHGLVWULEXWLRQ
ZDVSORWWHGIRUHDFKVWHS,WZDVREVHUYHGWKDWWKHVKRFNVWUHQJWKUHGXFHGLQHDFKVWHSDVWKHPHVKJRWFRDUVHUDQG
FRDUVHURQWKHDLUIRLOVXUIDFH$IWHUWKUHHVWHSVWKHSURFHGXUHZDVKDOWHG7KHUHVXOWLQJPHVKKDVSRLQWVLQWKH]
GLUHFWLRQ  SRLQWV RQ WKH DLUIRLO VXUIDFH DQG  SRLQWV LQ WKH ZDNH EHKLQG WKH DLUIRLO ZLWK D WRWDO RI 
WKRXVDQGFHOOV7KHRYHUDOOHYDOXDWLRQWLPHLVUHGXFHGWRDERXWVZKLFKLVDSSUR[LPDWHO\WLPHVIDVWHUWKDQ
WKHKLJKILGHOLW\PRGHOXVLQJWKHILQHPHVKDQGWUDGLWLRQDOFRQYHUJHQFHFULWHULD
7KH RYHUDOO HYDOXDWLRQ WLPH RI WKH KLJKILGHOLW\ PRGHO LQ WKLV SDUDPHWULF VWXG\ LV  V ZLWK D WRWDO RI 






7KHQRQGLPHQVLRQDO IRUFHFRHIILFLHQWVSDUDOOHO WR WKH[ DQG]D[HV&[ DQG&] UHVSHFWLYHO\ DUHFDOFXODWHGE\
LQWHJUDWLQJWKHSUHVVXUHGLVWULEXWLRQ&SRYHUWKHVXUIDFHRIWKHDLUIRLODV>@

³ GV&& S[ TVLQ  ³ GV&& S] TFRV  

ZKHUHGV LV WKHVXUIDFHSDQHOHOHPHQWRI OHQJWKDQGT LV WKHDQJOH WKHSDQHOPDNHVUHODWLYH WR WKH[D[LV7KH OLIW
FRHIILFLHQW&ODQGWKHZDYHGUDJFRHIILFLHQW&GZDUHFDOFXODWHGDV

DD FRVVLQ ][O &&&   DD VLQFRV ][GZ &&&   
6XUURJDWH0RGHOLQJ
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DLUIRLOIRU0f DQGĮ GHJDVZHOODV&SFDW[ >@7[LZLOOGHQRWHDFXUUHQWGHVLJQDWWKH
LWK LWHUDWLRQ RI WKH RSWLPL]DWLRQ DOJRULWKP WKH LQLWLDO GHVLJQ ZLOO EH GHQRWHG DV [ DFFRUGLQJO\ &LUFOHV GHQRWH
FKDUDFWHULVWLFSRLQWVRI&SF[LKHUHUHSUHVHQWLQJDPRQJRWKHUV[FHTXDOWRDQGOHDGLQJDQGWUDLOLQJDLUIRLO
HGJHVUHVSHFWLYHO\WKHPD[LPDRI&SFIRUWKHORZHUDQGXSSHUDLUIRLOVXUIDFHVDVZHOODVWKHORFDOPLQLPXPRI&SF






LQLWLDO SRLQWV IRU WKRVH SDUWV RI WKH SUHVVXUH GLVWULEXWLRQ WKDW DUH ³VWHHS´ )LJXUH E VKRZV WKH IXOO VHW RI
FKDUDFWHULVWLFSRLQWVLQLWLDOSRLQWVDUHGLVWLQJXLVKHGXVLQJODUJHUPDUNHUV





5LJRURXV IRUPXODWLRQ RI WKH 6353 WHFKQLTXH FDQ EH IRXQG LQ >@:H RPLW WKH GHWDLOV KHUH IRU WKH VDNH RI
EUHYLW\ ,W VKRXOG EH PHQWLRQHG WKDW WKH 6353 PRGHO DVVXPHV WKDW WKH KLJK DQG ORZILGHOLW\ PRGHO SUHVVXUH
GLVWULEXWLRQV KDYH FRUUHVSRQGLQJ VHWV RI FKDUDFWHULVWLF SRLQWV 7KLV LV XVXDOO\ WKH FDVH IRU WKH SUDFWLFDO UDQJHV RI
GHVLJQ YDULDEOHV EHFDXVH WKH RYHUDOO VKDSH RI WKH GLVWULEXWLRQV LV VLPLODU IRU ERWK PRGHOV ,Q FDVH RI D ODFN RI
FRUUHVSRQGHQFHRULJLQDOGHILQLWLRQVRIFKDUDFWHULVWLFSRLQWVDUH UHSODFHGE\ WKHLU FORVHVW FRXQWHUSDUWV7KH W\SLFDO





,Q LQYHUVHGHVLJQ WKHSULPDU\REMHFWLYH LV WKHDOLJQPHQWEHWZHHQ WKHSUHVVXUHGLVWULEXWLRQRI WKHDLUIRLOEHLQJ
GHVLJQHGDQGWKHSUHVFULEHGWDUJHW7KHDOLJQPHQWFDQEHPHDVXUHGXVLQJDQRUP
'XH WR XQDYRLGDEOHPLVDOLJQPHQW EHWZHHQ WKH SUHVVXUH GLVWULEXWLRQV RI WKH KLJKILGHOLW\PRGHO DQG LWV 6353
VXUURJDWH LW LV QRW FRQYHQLHQW WR XVH VRPH RI WKH FRQVWUDLQWV HJ DPD[LPXP DOORZDEOH GUDJ GLUHFWO\ 7KLV LV
EHFDXVH WKH GHVLJQ WKDW LV IHDVLEOH IRU WKH VXUURJDWH PRGHO PD\ QRW EH IHDVLEOH IRU WKH KLJKILGHOLW\ PRGHO ,Q
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SDUWLFXODU WKHGHVLJQREWDLQHG DV D UHVXOW RI RSWLPL]LQJ WKH VXUURJDWHPRGHO&SVL LH[L ZLOO EH IHDVLEOH IRU
&SVL+RZHYHULI[LLVQRWIHDVLEOHIRUWKHKLJKILGHOLW\PRGHOLWZLOOQRWEHIHDVLEOHIRU&SVLEHFDXVHZHKDYH
&SVL[L &SI[LE\WKHGHILQLWLRQRIWKHVXUURJDWHPRGHO,QRUGHUWRDOOHYLDWHWKLVSUREOHPZHVKDOOXVHWKH
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
ZLWK) __&S[±&SW__ZKHUH&SWLVWKHWDUJHWSUHVVXUHGLVWULEXWLRQ'&GZV LI&GZV&GZVPD[DQG'&GZV &GZV±
&GZVPD[RWKHUZLVH'&OV LI&OVt&OVPLQDQG'&OV &OV±&OVPLQRWKHUZLVHDQG'$ LI$$PLQDQG'$ $±



















ILGHOLW\ PRGHO GLVWULEXWLRQV &SF[L DQG &SF[ DUH SORWWHG XVLQJ WKLQ VROLG DQG GRWWHG OLQH UHVSHFWLYHO\ E KLJKILGHOLW\ PRGHO SUHVVXUH
GLVWULEXWLRQDW[&SI[VROLGOLQHDQGWKHSUHGLFWHGKLJKILGHOLW\PRGHOSUHVVXUHGLVWULEXWLRQDW[REWDLQHGXVLQJ6353GRWWHGOLQH





















































PRGHO GDWD DW WKH GHVLJQ REWDLQHG LQ WKH SUHYLRXV LWHUDWLRQ 7KH WUXVWUHJLRQ SDUDPHWHU O LV XSGDWHG DIWHU HDFK
LWHUDWLRQ LH GHFUHDVHG LI WKH QHZ GHVLJQZDV UHMHFWHG RU WKH LPSURYHPHQW RI WKH KLJKILGHOLW\PRGHO REMHFWLYH
IXQFWLRQZDV WRR VPDOO FRPSDUHG WR WKHSUHGLFWLRQJLYHQ E\ WKH 6353 VXUURJDWH RU LQFUHDVHGRWKHUZLVH:HXVH
FODVVLFDOXSGDWLQJUXOHVVHHHJ>@7KHDOJRULWKPLVWHUPLQDWHGLI__[L±[L__RUO
9HULILFDWLRQ([DPSOHV
7KH UHVXOWV RI LQYHUVH GHVLJQ XVLQJ WKH SURSRVHG DOJRULWKP DUH SUHVHQWHG IRU IRXU WHVW FDVHV 7KH JULGVHDUFK
DOJRULWKP VHH HJ >@ LV XVHG LQ WKH VXUURJDWHPRGHO RSWLPL]DWLRQ7KHGHVLJQ YDULDEOHV DUH WKH DLUIRLO VKDSH
SDUDPHWHUVLQWKH1$&$IRXUGLJLWSDUDPHWHUL]DWLRQGHVFULEHGLQ6HF LH[ >PS W@71RWHWKDW WKHFKRUG
OHQJWK LV VHW WR  7KH RQO\ LQHTXDOLW\ FRQVWUDLQW LV WKH PLQLPXP FURVVVHFWLRQDO DUHD FRQVWUDLQW 7KHUH DUH QR
HTXDOLW\FRQVWUDLQWV7KHVLGHFRQVWUDLQWVDUHPSDQG W)RUFRPSDULVRQ WKH
LQYHUVHGHVLJQWHVWFDVHVDUHDOVRVROYHGE\XVLQJRQO\WKHKLJKILGHOLW\&)'PRGHODQGWKHJULGVHDUFKDOJRULWKP




WDUJHW LQLWLDO DQG RSWLPL]HG GHVLJQV 7KHUH LV FOHDUO\ D ODUJH GLIIHUHQFH EHWZHHQ WKH LQLWLDO DQG WDUJHW SUHVVXUH
GLVWULEXWLRQV 2Q WKH XSSHU VXUIDFH WKH WDUJHW SUHVVXUH GLVWULEXWLRQ KDV D PXFK VWURQJHU VKRFN ORFDWHG IXUWKHU
GRZQVWUHDPWKDQWKHVKRFNRQWKHLQLWLDOGHVLJQ1HDUWKHOHDGLQJHGJHRQWKHORZHUVXUIDFHRIWKHWDUJHWSUHVVXUH
GLVWULEXWLRQWKHSUHVVXUHLVUHGXFHGVKDUSO\EHKLQGWKHVWDJQDWLRQSRLQWEXWWKHQLWULVHVDQGUHFHGHVDJDLQEHIRUH
WHQGLQJ WRZDUGV WKH SUHVVXUH YDOXH DW WKH WUDLOLQJHGJH )RU WKH LQLWLDO GHVLJQ RQ WKH ORZHU VXUIDFH WKH SUHVVXUH
GLVWULEXWLRQ LVPXFK VPRRWKHU DQGGRHVQRWKDYH WKLVQRQOLQHDULW\QHDU WKH OHDGLQJHGJH+RZHYHU WKHSURSRVHG
DOJRULWKPLVDEOHWRPDWFKWKHWDUJHWSUHVVXUHGLVWULEXWLRQUHODWLYHO\ZHOOZLWKWKHQRUPRIWKHGLIIHUHQFHEHWZHHQ
WKH WZRGLVWULEXWLRQVEHLQJ)   XVLQJ D WRWDO RI KLJKILGHOLW\ IXQFWLRQ FDOOV DQG  VXUURJDWH IXQFWLRQ
FDOOV7KHWRWDORSWLPL]DWLRQFRVWH[SUHVVHGLQWHUPVRIWKHHTXLYDOHQWQXPEHURIKLJKILGHOLW\IXQFWLRQFDOOVLVOHVV
WKDQ  KLJKILGHOLW\ IXQFWLRQ FDOOV 7KH ODUJHVW GLIIHUHQFH LQ WKH SUHVVXUH GLVWULEXWLRQV RI WKH WDUJHW DQG WKH
RSWLPL]HGGHVLJQLVQHDUWKHOHDGLQJHGJHZKHUHWKHSUHVVXUHGLVWULEXWLRQLVKLJKO\QRQOLQHDU,QYHUVHGHVLJQXVLQJ
WKH KLJKILGHOLW\&)'PRGHO DQG WKH JULGVHDUFK DOJRULWKP UHTXLUHG  IXQFWLRQ FDOOV 7KH RSWLPL]HG GHVLJQ LV
IDLUO\VLPLODUWRWKHRQHREWDLQHGXVLQJWKHVXUURJDWHEDVHGDOJRULWKP
7KHWDUJHWSUHVVXUHGLVWULEXWLRQLVWKHVDPHIRUFDVHVDQGLH[ >@7DW0f 
DQGĮ ,QFDVHWKHLQLWLDOGHVLJQLV1$&$DQG$PLQ 2XUPHWKRGKLWV WKHFURVVVHFWLRQDODUHD
FRQVWUDLQWDQGPDWFKHVWKHWDUJHWSUHVVXUHGLVWULEXWLRQRQO\UHODWLYHO\FORVHO\) )RUFDVHWKHFRQVWUDLQW
YDOXHLV ORZHUHGWR$PLQ EXWRWKHUSDUDPHWHUVDUHNHSWWKHVDPH1RZRXUDSSURDFKLVDEOHWRPDWFKWKH
WDUJHWPXFKFORVHU ) ZLWK WKHGHVLJQFRVWRIDERXWHTXLYDOHQW KLJKILGHOLW\ IXQFWLRQFDOOVZKHUHDV
XVLQJ WKHKLJKILGHOLW\&)'PRGHODQG WKHJULGVHDUFKDOJRULWKPUHTXLUHGIXQFWLRQFDOOV&DVHVWDUWVZLWKD
GLIIHUHQWLQLWLDOGHVLJQQDPHO\WKH1$&$+HUHWKHSURSRVHGPHWKRGLVDEOHWRPDWFKWKHWDUJHWGLVWULEXWLRQ
FORVHO\ )    DV FDQ EH VHHQ LQ )LJ E XVLQJ OHVV WKDQ  HTXLYDOHQW KLJKILGHOLW\ IXQFWLRQ FDOOV 7KH
FRPSDULVRQ PHWKRG UHTXLUHG  KLJKILGHOLW\ IXQFWLRQ FDOOV DQG LV XQDEOH WR PDWFK WKH WDUJHW DV FORVH DV WKH
SURSRVHGPHWKRG) 





0f D $PLQ 
 &DVH
0f D $PLQ 
9DULDEOH ,QLWLDO 7DUJHW *ULG6HDUFK 956353  ,QLWLDO 7DUJHW *ULG6HDUFK 956353
P         
S         
W         
&O         
&GZ         
$         
) 1$ 1$    1$ 1$  
1F 1$ 1$    1$ 1$  
1I 1$ 1$    1$ 1$  
7RWDOFRVW 1$ 1$    1$ 1$  

 &DVH
0f D $PLQ 
 &DVH
0f D $PLQ 
9DULDEOH ,QLWLDO 7DUJHW *ULG6HDUFK 956353  ,QLWLDO 7DUJHW *ULG6HDUFK 956353
P         
S         
W         
&O         
&GZ         
$         
) 1$ 1$    1$ 1$  
1F 1$ 1$    1$ 1$  
1I 1$ 1$    1$ 1$  











$ YDULDEOHUHVROXWLRQ RSWLPL]DWLRQ DOJRULWKP IRU WKH LQYHUVH GHVLJQ RI WUDQVRQLF DLUIRLOV KDV EHHQ SUHVHQWHG 7KH
DOJRULWKPXVHVDFRPSXWDWLRQDOO\FKHDSORZILGHOLW\PRGHOWRFRQVWUXFWDVXUURJDWHRIDQDFFXUDWHEXW&38LQWHQVLYH








































Leifur Leifsson et al. / Procedia Computer Science 4 (2011) 1234–1243 1243
KLJKILGHOLW\ PRGHO 7KH ORZILGHOLW\ PRGHO LV EDVHG RQ VDPH JRYHUQLQJ HTXDWLRQV DV WKH KLJKILGHOLW\ PRGHO EXW
H[SORLWV FRDUVHU GLVFUHWL]DWLRQ DQG UHOD[HG FRQYHUJHQFH FULWHULD7KH ORZILGHOLW\PRGHO LV FRUUHFWHGE\ DOLJQLQJ WKH
DLUIRLO VXUIDFH SUHVVXUH GLVWULEXWLRQZLWK WKH FRUUHVSRQGLQJ GLVWULEXWLRQ RI WKH KLJKILGHOLW\PRGHO E\PHDQV RI WKH
VKDSHSUHVHUYLQJ UHVSRQVH FRUUHFWLRQ SUHGLFWLRQ WHFKQLTXH ZKLFK HQVXUHV D JRRG JHQHUDOL]DWLRQ FDSDELOLW\ RI WKH
VXUURJDWHPRGHOZLWKUHVSHFWWRERWKREMHFWLYHVDQGFRQVWUDLQWV7KHDOLJQPHQWSURFHVVLVSDUWLFXODUO\VXLWDEOHVLQFHD
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